(19) 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 





(12) 



(43) Date of publication: 

12.09.2001 Bulletin 2001/37 

(21) Application number: 011O5270.1 

(22) Date of filing: 05.03.2001 



( ii) EP 1 132 902 A1 

EUROPEAN PATENT APPLICATION 

(51) lntCl7: G11B 7/24 



(84) Designated Contracting States: 

AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 
MC NLPTSETR 
Designated Extension States: 
AL LT LV WIK RO SI 

(30) Priority: 07.03.2000 JP 2000062437 
14.02.2001 JP 2001036632 
14.02.2001 JP 2001036663 

(71) Applicants: 

• Ricoh Company, Ltd. 
Tokyo 143-8555 (JP) 

• KYOWA HAKKO KOGYO CO., LTD. 
Chiyoda-ku, Tokyo 100-8185 (JP) 

• Kyowa Yuka Co., Ltd. 
Tokyo 100-0004 (JP) 

(72) Inventors: 

• Noguchl, Soh 

Ohta-ku, Tokyo 143-8555 (JP) 

• Satoh, Tsutomu 

Ohta-ku, Tokyo 143-8555 (JP) 

• Tomura, Tatsuya 

Ohta-ku, Tokyo 143-8555 (JP) 



• Sasa, Noboru 

Ohta-ku, Tokyo 143-8555 (JP) 

• Ueno, Yasunobu 

Ohta-ku, Tokyo 143-8555 (JP) 

• Hlgashi, Yasuhiro 
Ohta-ku, Tokyo 143-8555 (JP) 

• Shimizu, Ikuo, Yokkaichi Research Laboratories 
Yokkaichi-shi, Wlie 510-0022 (JP) 

• Toyoda, Hiroshi, Yokkaichi Research 
Laboratories 

Yokkaichi-shi, Wlie 510-0022 (JP) 

• Kinugasa, Motoharu, Yokkaichi Research Labs. 
Yokkaichi-shi, Wlie 510-0022 (JP) 

• Yamada, Shiho, 

Yokkaichi Research Laboratories 
Yokkaichi-shi, Mie 510-0022 (JP) 

• Ikuta, Wlasanori, Yokkaichi Research 
Laboratories 

Yokkaichi-shi, Wlie 510-0022 (JP) 

• Mutoh, Kenji, c/o Head Office 
Chiyoda-ku, Tokyo 100-8185 (JP) 

(74) Representative: Barz, Peter, Dr. 
Patentanwalt 
Kaiserplatz 2 
80803 Mtinchen (DE) 



< 

CM 
O 
O) 

CM 
CO 



CL 
LU 



(54) Optical recording medium and optical recording and reading method using the same 

(57) An optical recording medium has a substrate and a recording layer formed thereon, the recording layer -con- 
taining af least one squary.ium compound and one azo metal chelate compound including an azo mo.ety of formula 
( I -1 ) o r (I-2) and a metal : 
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,c-n=n-c ; f 1 - 2 ) 

--N *c~- 
X 

wherein A, B, A', and X are the same as those previously defined in the specification. Writing and reading steps are 
performed by the application of a semiconductor laser beam with a wavelength in a range from 600 to 720 nm. 



2 



EP 1 132 902 A1 



Description 

Field of the Invention 

5 [0001] The present invention relates to an optica! recording medium with a large capacity for storing data, capable 
of recording information therein and reading the information therefrom by the application of light with short wavelength, 
and an optical recording and reading method using the above-mentioned optical recording medium. 

Discussion of Background 

10 

a. Prior arts concerning a recording medium of a write once read many (WORM) type are as follows: 
[0002] 

15 (1) A recording medium using a cyanine dye as a recording material: disclosed in Japanese Laid-Open Patent 

Application Nos 57-82093. 58-56892 ? 58-112790, 58-114989, 59-85791 , 60-83236 : 60-89842, and 61-25886. 
(2) A recording medium using a phthalocyanine dye as a recording material: disclosed in Japanese Laid-Open 
Patent Application Nos. 61-150243, 61-177287, 61-154888, 61-24609, 62-39286, 63-37991 , and 63-39888. 

20 b. Prior arts concerning a WORM type compact disc (CD-R) are as follows: 

[0003] 

(1) CD-R employing the combination of a cyanine dye and a metal reflection layer: disclosed in Japanese Laid- 
25 Open Patent Application Nos. 1-159842, 2-42652, 2-13656, and 2-168446. 

(2) CD-R employing the combination of a phthalocyanine dye and a metal reflection layer: disclosed in Japanese 
Laid-Open Patent Application Nos. 1-176585, 3-215466, 4-113886, 4-226390, 5-1272, 5-171052, 5-116456, 
5-96860, 5-139044, and 5-139044. 

(3) CD-R employing the combination of an azo metal chelate dye and a metal reflection layer: disclosed in Japanese 
30 Laid-Open Patent Application Nos. 4-46186, 4-141489, 4-361088, 5-279580, 7-51673, 7-161069, 7-37272, 

7-71867, 8-231866, and 8-295811. 

c. Prior arts concerning a digital video disk (DVD-R) with a large capacity are as follows: 
35 [0004] 

(1) DVD-R employing the combination of a cyanine dye and a metal reflection layer reported in PIONEER R&D 
vol.6, No. 2 (1996), "Development of DVD- Recordable" and "Fundamental Development of DVD-R"; ISOM/ODS 
'96 (1 996), "High Density of Recording on Dye Material Disc Approach for 4.7G"; and Japanese Laid-Open Patent 

40 Application No. 10-235999. 

(2) DVD-R employing the combination of an azomethrne dye and a metal reflection layer: disclosed in Japanese 
Laid-Open Patent Application Nos. 8-198872, 8-209012, 8-283263, and 10-273484. 

(3) DVD-R employing the combination of an azo metal chelate dye ancf a metal reflection layer: disclosed in Jap- 
anese Patent Publication No. 5-67438 and Japanese Laid-Open Patent Application Nos. 7-161069, 8-156408, 

45 8-231866, 8-332772, 9-58123, 9-1 75031 , 9-1 93545, 9-274732, 9-277703, 10-6644, 10-6650, 10-6651, 10-36693, 

10-44606! 10-58828, 10-86519, 10-149584, 10-157293, 10-157300, 10-157301, 10-157302, 10-181199, 

10- 181201, 10-181203, 10-181206, 10-188340, 10-188341, 10-188358, 10-208303, 10-214423, 10-228671, 

11- 12483, 11-28865, 11-42858, 11-134708, and 11-208111. 

(4) DVD-R employing the combination of other dyes than those mentioned above and a metal reflection layer: 
so disclosed in Japanese Laid-Open Patent Application Nos. 10-86517, 10-93788, 10-226172, 10-244752, 

10- 287819, 10-297103, 10-309871, and 10-309872. 

(5) DVD-R employing the combination of an azo metal chelate dye, other dyes, and a metal reflection layer: dis- 
closed in Japanese Patent Publication No. 7-51682 and Japanese Laid-Open Patent Application Nos. 11-34499, 

11- 48612, and 11-105424. 

55 

[0005] The DVD-R has been developed as a next generation disc with a large capacity. To increase the recording 
capacity of the DVD-R, various recording materials that can minimize the size of a recording pit are developed, image 
compression techniques such as Moving Picture Experts Group-2 (MPEG 2) are introduced, and technical development 
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is conducted to shorten the wavelength of the semiconductor laser used to read the recording pit 
fo I Ar \ AIGal " P lase ^ diode w| th a wavelength of 670 nm is only one red semiconductor laser that is on the market 
IJm^nHn^ 71 ""J & measu ™9 instrument. In line with the trend toward high-density optical discs, the red 
27 * laser has been ' ntroduced int0 optical storage market. To standardize a driving system fo a DVD 
laser d.odes hav.ng wavelengths of 630 to 670 nm are currently employed for the light sources. On the other hand 

[0007] Under such circumstances, the most preferable medium is a DVD-R that can record information therein and 
read the information therefrom by the application of light with wavelengths of 630 to 670 nm. However no r^rdho 

^eSrdl fnn H deVe ' 0Pe ?- ™ 6Xhibft SUffident li9M r6StetanCe and Stora 9 e stabi »ty iSS^fSSS 

SX™T\IT In p when driven by an optical pickup system using a laser beam wrth a wave - 

S a t i o A n S th» ary ' iUm H dye J- 0n I° f ."T reC ° rding materialS that Can be used in the recordi ng medium for recording 
nm TEE iTr th rUlTS ,nfomiation there,rom b V th e application of light with wavelengths of 630 to 67? 
rZ t T' s< >"«ylium dye is extremely poor because of its noticeable photodeterioration In 

contrast to this, an azo metal chelate dye has high light resistance. However, the recording medium shows low reftect- 
ance when the azo metal chelate dye is used as a recording material in the recording layer 

foTnvn rT 91 * lt -' S 8 f ' rSt ° bjeCt ° f PreSSnt inVent '° n t0 pr0Vide an °P tical recordi "9 medium which is suitable 

fn^T 9 ty ' part,cular ' even when the recording medium employs a squarylium dye 

menSn^^T ^ °' the P resent invention is to P™ id e a recording and reading method using the above- 
mentioned optical recording medium. 

[0011] The above-mentioned first object of the present invention can be achieved by an optical recording medium 
compnsmg a substrate and a recording layer formed thereon, the recording layer comprising at least one squall urn 
compound and one azo metal chelate compound comprising an azo moiety of formula (1-1 ) and a metal- 



y C-N = N-C 



(1-1) 



h£!™i B 8 , re ! aCh inde P endent| y a residue for Arming an aromatic ring which may have a substituent or a 
22 rin9 K W '; ,cn ™* have a substituent in combination with one or two carbon atoms bounded thereto; and X 
represents a substituent having an active hydrogen group. 

[0012] Alternatively, the first object of the present invention can also be achieved by an optical recording medium 

cZound 9 ^ ^T:*" 9 ' ayer ^ there ° n ' the reCOrdin 9 ,a V er ^Prising"* least one s'quaSm 
compound and one azo metal chelate compound comprising an azo moiety of formula (I-2) and a metal: 



A' 



,C-N=N-C 



\ 

I 

X 



(1-2) 



T^Ti' ■ fe 8 reS ' dUS f f °: f0rmin 9 a heterocyclic ring in combination with a carbon atom and a nitrogen atom bonded 

IS Z « !„h I' 68 T an ar ° matiC rin9 ° r 3 he,6roc y clic ^9 in combination with two carbon atoms bonded 

thereto; and X represents a substituent having an active hydrogen group 

So 2l above - mentio ned second object of the present invention can be achieved by an optical recording and 
reading method compns.ng the steps of recording information in the above-mentioned optical recording medium b V 
applying thereto light wrth wavelengths of 600 to 720 nm, and reading the information from the recording med urn by 
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applying thereto light with wavelengths of 600 to 720 nm. 

[0014] A more complete appreciation of the invention and many of the attendant advantages thereof will be readily 
obtained as the same becomes better understood by reference to the following detailed description when considered 
in connection with the accompanying drawings, wherein: 

5 

FIG. 1 A to FIG. 1 D are schematic cross sectional views of optical recording media according to the present inven- 
tion, each showing the structure of a WORM type optical recording medium. 

FIG. 2A to FIG. 2C are schematic cross sectional views of optical recording media according to the present inven- 
tion each showing the structure of a CD-R with a high reflectance. 
10 FIG. 3A to FIG. 3C are schematic cross sectional views of optical recording media according to the present inven- 

tion, each showing the structure of a DVD-R with a large capacity and a high reflectance. 

[0015] By providing a recording layer comprising a squarylium dye and another dye with a specific structure, the 
obtained optical recording medium becomes suitable for the next-generation optical disc system employing a semi- 
15 conductor laser of wavelength of 670 nm or less, and becomes superior to conventional recording media in terms of 
light resistance and storage stability. 

[0016] The optical recording medium of the present invention comprises a substrate and a recording layer formed 
thereon, the recording layer comprising at least one squarylium compound and one azo metal chelate compound 
comprising an azo moiety represented by formula (1-1) or (I-2) and a metal. 
20 [0017] At least one squarylium compound and one azo metal chelate compound are contained in the recording layer 
of the optical recording medium, so that photo-deterioration of the squarylium compound can be compensated. There- 
fore, the obtained optical recording medium can be provided with sufficient light resistance. 

[0018] As the squarylium compound for use in the present invention, the following compound of formula (II) is pref- 
erable: 

25 



o 



30 




(ID 



O 



35 

wherein R 1 and R 2 , which may be the same or different, are each a hydrogen atom, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted aralkyl group, or a substituted or unsubstituted aryl group, or R 1 and R 2 may form 
a heterocyclic ring which may have a substituent in combination with a nitrogen atom bonded thereto; and R 3 is rep- 
resented by the following formula (III) or (IV): 

40 



45 




(III) 



wherein R 4 and R 5 , which may be the same or different, are each a hydrogen atom or an alkyl group, or R 4 and R 5 
may form a heterocyclic ring which may have a substituent in combination with a nitrogen atom bonded thereto; and 
R 6 , R 7 , R 8 , and R 9 , which may be the same or different, are each a hydrogen atom : a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted alkoxyl group, hydroxyl group, or a halogen atom, and R 4 and R 6 , and R 5 and 
55 r7 m ay independently form a heterocyclic ring, which may have a substituent, in combination with a nitrogen atom and 
two carbon atoms bonded thereto; 
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R l ° 

\ Q- r" 

V-^ (iv) 



r >=ch~ 



wherein Qhs a carbon atom or a nitrogen atom; R" and R« , which may be the same or different, are each a hydrogen 
atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a substituted or unsubstituted 
aralkyl group, or hydroxy! group, provided that R" does not exist when Qi represents a nitrogen atom; R« is a hydrogen 
atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, or a substituted or unsub- 
strtuted ara.ky, group: R'3 and Rt*. which may be the same or different, are each a hydrogen atom a suSsZed or 
unsubstrtuted alkyl group, an alkoxyi group, or a halogen atom, or R« and R*» may form an alicyclic hydrocarbon ring 
an aromatic nng which may have a substituent, or a heterocyclic ring which may have a substituent, in combination 
with two carbon atoms bonded thereto. 

[001 9] Alternatively, a compound represented by the following formula (V) is preferable as the squarylium compound 
for use in the present invention: K 



(R 



R'\ R n O' HO 



R 19 O- R' 6 



wherein Q2 .s a carbon atom or a nrtrogen atom; R15 js a hydrogen atom, a substituted or unsubstituted alkyl group 
a substrtuted or unsubstituted aryl group, or a substituted or unsubstituted heterocyclic group; R16 is a hydrogen atom' 
a halogen atom a substituted or unsubstituted alkyl group, a substituted or unsubstituted alkoxyi group, a substituted 
or unsubstituted aralkyl group, a substrtuted or unsubstituted aryl group, a substituted or unsubstituted amino group 
or a substrtuted or unsubstituted heterocyclic group; R" and R" which may be the same or djfferent are fi a ^ 
substrtuted or unsubstrtuted alkyl group, or when Q* is a carbon atom, R" and may form an alicyclic hydrocarbon 
Itoi ! °^? arin9 ^ Q COmbinati0n With the Carb0n atom "tented by Q*. whereas when Q* is a nitrogen 
? " SX : 3 hydr ° 9en at ° m ' 3 substituted or unsubstituted alkyl group, a substituted or unsub- 

strtuted aralkyl group, or a substituted or unsubstituted aryl group; R» is a halogen at0ITli a substjtuted or unsubstituted 
alkyl group, a substituted or unsubstrtuted aralkyl group, a substituted or unsubstrtuted aryl group, trif luoromethyl group 
mtro group, cyano group, or a substituted or unsubstituted alkoxyi group; and n is an integer of 0 to 4, provided that 
when n is an integer of 2 to 4, a plurality of groups represented by R2° may be the same or different, and in this case 
adjacent groups represented by R*° may form an aromatic ring, which may have a substituent, in combination with 
two carbon atoms bounded thereto. 

[0020] In the recording layer, it is preferable that the amount ratio by weight of the squarylium compound to the azo 
metal chelate compound be in the range of (90:10) to (10:90), more preferably in the range of (80:20) to (15 85) and 
further preferably in the range of (80:20) to (30:70). ' 1 '' 

[0021] When the amount ratio of the squarylium compound is within the above-mentioned range, the azo metal 
chelate compound can effectively work to obtain high light resistance. Further, when the amount ratio of the squarylium 
compound is within the above-mentioned range, high reflectance can be obtained 

r? pre r°" S 'y me " tioned . azo metal chelate compound for use in the present invention comprises an azo 
moiety of formula (1-1 ) and a metal: 
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(I-D 



10 



wherein A and B arc each independently a residue for forming an aromatic ring which may have a substituent or a 
heterocyclic nnq which may have a substituent in combination with one or two carbon atoms bounded thereto; and X 
reorcscnts a substituent having an active hydrogen group. 
15 [0023J Specific examoics of the residues represented by A and B in formula (1 -1 ) include residues that can form a 
ben/enc ring a naphihatcne ring, a pyridine ring } and a quinoline ring. 

[0024] These aromatic rings or heterocyclic rings may have a substituent. Examples of such a substituent include a 
halogen atom m:ro group, cyano atom, hydroxyl group, carboxyl group, amino group, carbamoyl group, mercapto 
group, a substituted or jnsubslituled alkyl group, a substituted or unsubstituted aryl group, a residue of a substituted 

20 or unsubstituted hcteiocyciic group, a substituted or unsubstituted alkoxyl group, a substituted or unsubstituted aryloxy 
group, a substituted or unsubstituted alkylthio group, a substituted or unsubstituted arylthio group, a substituted or 
unsubstituted alkylammo group, a substituted or unsubstituted arylamino group, a substituted or unsubstituted alkox- 
ycarbonyl group, a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubstituted alkylcarboxamide 
group, a substituted or unsubstituted arylcarboxamide group, a substituted or unsubstituted alkylcarbamoyl group, a 

25 substituted or unsubstituted arylcarbamoyl group, a substituted or unsubstituted alkenyl group, and a substituted or 
unsubstituted alkylsulfamoyl group. 

[0025] Further, in the recording layer of the optical recording medium, the azo metal chelate compound comprising 
an azo moiety of formula (i-2) and a metal is employed: 



40 wherein A' is a residue for forming a heterocyclic ring in combination with a carbon atom and a nitrogen atom bonded 
thereto; B is a residue for forming an aromatic ring or a heterocyclic ring in combination with two carbon atoms bonded 
thereto; and X represents a substituent having an active hydrogen group. 

[0026] Specific examples of the residue represented by A' in formula (1-2) include residues that can form thiazole 
ring, benzothiazole ring, imidazole ring, benzimidazole ring, thiadiazole ring, oxazole ring, benzoxazole ring, triazole 
45 ring, pyrazole ring, oxadiazole ring, pyridine ring, pyridazine ring, pyrimidine ring, pyrazine ring, triazine ring, and qui- 
noline ring. 

[0027] - Such nilrogen-conlaining heterocyclic rings may have a substituent. Examples of such a substituent include 
a halogen atom, nitro group, cyano group, hydroxyl group, carboxyl group, amino group, carbamoyl group, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a residue of a substituted or unsubstituted 

50 heterocyclic ring, a substituted or unsubstituted alkoxyl group, a substituted or unsubstituted aryloxy group, a substi- 
tuted or unsubstituted alkylthio group, a substituted or unsubstituted arylthio group, a substituted or unsubstituted 
alkylamino group, a substituted or unsubstituted arylamino group, a substituted or unsubstituted alkoxycarbonyl group, 
a substituted or unsubstituted aryloxycarbonyl group, a substituted or unsubstituted alkylcarboxamide group, a sub- 
stituted or unsubstituted arylcarboxamide group, a substituted or unsubstituted alkylcarbamoyl group, a substituted or 

55 unsubstituted arylcarbamoyl group, and a substituted or unsubstituted alkenyl group. 

[0028] Specific examples of the residue represented by B in formula (1-2) are the same as those in formula (1-1 ) t that 
is, residues for forming benzene ring, naphthalene ring, pyridine ring, and quinoline ring. The residue represented by 
B in formula (I-2) may have a substituent. The substituent may be selected from the above-mentioned specific examples 
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of the substituent for the residue represented by A' in formula (I-2). 

[0029] In the description of the above-mentioned formulas (1-1) and (I-2), it is proper that the alkyl group be a straight- 
chain or branched alkyl group having 1 to 9 carbon atoms, or a cyclic alkyl group having 3 to 14 carbon atoms. 
[0030] Specific examples of such alkyl groups include straight-chain alkyl groups such as methyl group, ethyl group, 
n-propyl group, n-butyl group, n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group, and n-decyl 
group; branched alkyl groups such as isobutyl group, isoamyl group, 2-methylbutyl group, 2-methyipentyl group, 
3-methylpentyl group, 4-methylpentyl group, 2-ethylbutyl group, 2-methylhexyl group, 3-methylhexyl group, 4-methyl- 
hexyl group, 5-methylhexyl group, 2-ethylpentyl group, 3-ethylpentyl group, 2-methylheptyl group, 3-methylheptyl 
group, 4-methylheptyl group, 5-methylheptyl group, 2-ethylhexyl group, 3-ethylhexy! group, isopropyl group, sec-butyl 
group, 1-ethylpropyl group, 1 -methylbutyl group, 1 ,2-dimethylpropyl group, 1-methylheptyl group, 1-ethylbutyl group, 
1 ,3-dimethylbutyl group, 1 ,2-dimethylbutyl group, 1 -ethyl-2-methylpropyl group, 1-methylhexyl group, 1 -ethylheptyl 
group, 1-propylbutyl group, 1-isopropyl-2-methylpropyl group, 1 -ethyl-2-methylbutyl group, 1-propyl-2-methylpropyl 
group, 1-ethylhexyl group, 1 -propylpentyl group, 1 -isopropylpenty I group, 1 -isopropyl-2-methylbutyl group, 1-isopropyl- 

3- methylbutyl group, 1 -methyl octy I group, 1 -propylhexyl group, 1 -isobutyl-3-methylbutyl group, neopentyl group, tert- 
butyl group, tert-hexyl group, tert-amyl group, and tert-octyl group; and cycloalkyl groups such as cyclohexyl group, 

4- methylcyclohexyl group, 4-ethylcyclohexyl group, 4-tert-butylcyclohexyl group, 4-(2-ethylhexyl)cyclohexyl group, 
bornyl group, and isobornyl group (adamantyl group). 

[0031] The above-mentioned alkyl groups may have a substituent such as hydroxyl group, a halogen atom, nitro 
group, carboxyl group, cyano group, a substituted or unsubstituted aryl group, or a residue of a substituted or unsub- 
stituted heterocyclic ring. Further, the alkyl group may have as a substituent the above-mentioned alkyl or aryl group 
via an oxygen atom, sulfur atom, or nitrogen atom. 

[0032] Examples of the substituent group constituted of an alkyl group and an oxygen atom include methoxymethyl 
group, methoxyethyl group, ethoxymethyl group, ethoxyethyl group, butoxyethyl group, ethoxyethoxyethyl group, phe- 
noxyethyl group, methoxypropyl group, and ethoxypropyl group. 

[0033] Examples of the substituent group constituted of an alkyl group and a sulfur atom include methylthioethyl 
group, ethylthioethyl group, ethylthiopropyl group, and phenylthioethyl group. 

[0034] Examples of the substituent group constituted of an alkyl group and a nitrogen atom include dimethylaminoe- 
thyl group, diethylaminoethyl group, and diethylaminopropyl group. 

[0035] Examples of the aryl group include phenyl group, naphthyl group, anthranyl group, fluorenyl group, phenalenyl 
group, phenanthryl group, triphenylenyl group, and pyrenyl group. 

[0036] The above-mentioned aryl group may have a substituent such as hydroxyl group, a halogen atom, nitro group, 
carboxyl group, cyano group, a substitute or unsubstituted aryl group, or a residue of a substituted or unsubstituted 
heterocyclic ring. 

[0037] Further, the aryl group may have any of the above-mentioned alkyl groups as a substituent. In this case, the 
alkyl group may be bonded to the aryl group directly or via an oxygen atom, sulfur atom, or nitrogen atom. 
[0038] Specific examples of the residue of the heterocyclic ring include furyl group, thienyl group, pyrrolyl group, 
benzofuryl group, isobenzofuranyl group, benzothienyl group, indolinyl group, isoindolinyl group, carbazolyl group, 
pyridyl group, piperidyl group, quinolyl group, isoquinolyl group, oxazolyl group, isooxazolyl group, thiazolyl group, 
isothiazolyl group, imidazolyl group, pyrazolyl group, benzimidazolyl group, pyrazyl group, pyrimidinyl group, pyridazi- 
nyl group, and quinoxalinyl group. 

[0039] The above-mentioned residue of the heterocyclic ring may have a substituent such as hydroxyl group, a 
halogen atom, nitro group, carboxyl group, cyano group, a substituted or unsubstituted aryl group, or a residue of a 
substituted or unsubstituted heterocyclic ring. Further, the residue of the heterocyclic ring may have as a substituent 
any of the above-mentioned alkyl groups via an oxygen atom, sulfur atom, or nitrogen atom. 

[0040] Specific examples of the halogen atom include fluorine atom, chlorine atom, bromine atom, and iodine atom. 
[0041] With respect to the alkoxyl group, any groups where the above-mentioned substituted or unsubstituted alkyl 
group is directly bonded to an oxygen atom are employed. 

[0042] With respect to the aryloxyl group, any groups where the above-mentioned substituted or unsubstituted aryl 
group is directly bonded to an oxygen atom are employed. 

[0043] With respect to the alkylthio group, any groups where the above-mentioned substituted or unsubstituted alkyl 
group is directly bonded to a sulfur atom are employed. 

[0044] With respect to the arylthio group, any groups where the above-mentioned substituted or unsubstituted aryl 
group is directly bonded to a sulfur atom are employed. 

[0045] With respect to the alkylamino group, any groups where the above-mentioned substituted or unsubstituted 
alkyl group is directly bonded to a nitrogen atom are employed. In this case, alkyl groups may be bonded together with 
an oxygen atom and a nitrogen atom to form a ring such as piperidino group, morpholino group, pyrrolidinyl group, 
piperazinyl group, indolinyl group, or isoindolinyl group. 

[0046] With respect to the arylamino group, any groups where the above-mentioned substituted or unsubstituted 
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aryl group is directly bonded to a nitrogen atom are employed. 

[0047] With respect to the alkoxycarbonyl group, any groups where the above-mentioned substituted or unsubstituted 
alkyl group is directly bonded to an oxygen atom of a C=0 linkage are employed. 

[0048] With respect to the aryloxycarbonyl group, any groups where the above-mentioned substituted or unsubsti- 
5 tuted aryl group is directly bonded to an oxygen atom of a C=0 linkage are employed. 

[0049] With respect to the alkylcarboxamide group, any groups where the above-mentioned substituted or unsub- 
stituted alkyl group is directly bonded to a carbon atom of carboxamide are employed. 

[0050] With respect to the arylcarboxamide group, any groups where the above-mentioned substituted or unsubsti- 
tuted aryl group is directly bonded to a carbon atom of carboxamide are employed. 
10 [0051 ] With respect to the alkylcarbamoyl group, any groups where the above-mentioned substituted or unsubstituted 
alkyl group is directly bonded to a nitrogen atom of carbamoyl group are employed. In this case, alkyl groups may be 
bonded together with an oxygen atom and a nitrogen atom to form a ring such as piperidino group, morpholino group, 
pyrrolidinyl group, piperazinyl group, indolinyl group, or isoindolinyl group. 

[0052] With respect to the arylcarbamoyl group, any groups where the above-mentioned substituted or unsubstituted 
15 aryl group is directly bonded to a nitrogen atom of carbamoyl group are employed. 

[0053] With respect to the alkylsulfamoyl group, any groups where the above-mentioned substituted or unsubstituted 
alkyl group is directly bonded to a nitrogen atom of sulfamoyl group are employed. 

[0054] Specific examples of the substituent represented by X having an active hydrogen group are hydroxyl group, 
carboxyi group, amino group, an alkylcarboxamide group, an arylcarboxamide group, an alkylsulfonamide group, an 
20 arylsulfonamide group, carbamoyl group, an alkylcarbamoyl group, an arylcarbamoyl group, sulfo group, sulfino group, 
sulfeno group, sulfamoyl group, and thiol group. 

[0055] With respect to the alkylcarboxamide group, arylcarboxamide group, alkylcarbamoyl group, and arylcarbamoyl 
group serving as the substituents having an active hydrogen group, the same specific examples as mentioned above 
can bo used. 

25 [0056] With respect to the alkylsulfonamide group, any groups where the above-mentioned substituted or unsubsti- 
tuted alkyl group is directly bonded to a sulfur atom of sulfonamide are employed. 

[0057] With respect to the arylsulfonamide group, any groups where the above-mentioned substituted or unsubsti- 
tuted aryl group is directly bonded to a sulfur atom of sulfonamide are employed. 

[0058] As a metal atom for use in the azo metal chelate compound, aluminum, titanium, vanadium, chromium, man- 
30 ganese, iron, cobalt, nickel, copper, zinc, zirconium, niobium, molybdenum, technetium, ruthenium, rhodium, and pal- 
ladium can be employed. In particular, an azo metal chelate compound having a metal such as manganese, cobalt, 
nickel, or copper exhibits excellent optical properties when used as an optical recording material. 
[0059] When recording and reading operations are carried out using the optical recording medium of the present 
invention, laser beams with wavelengths of 600 to 720 nm are preferably employed. In consideration of the optical 
35 properties throughout the above-mentioned wavelength region from 600 to 720 nm, a squarylium compound of formula 
(II) or (V) are particularly preferable in the present invention. 

[0060] The previously mentioned formulas (II) to (V) will now be explained in detail. 

[0061] In the definition of the groups cited in formulas (II) to (V), a straight-chain or branched alkyl group having 1 
to 6 carbon atoms, or acyclic alkyl group having 3 to 8 carbon atoms can be employed as the alkyl group and an alkyl 

40 moiety of the ajkoxyl group. 

[0062] Specific examples of such alkyl groups include methyl group, ethyl group, propyl group, isopropyl group, butyl 
group, iso-butyl group, sec-butyl group, tert-butyl group, pentyl group, isopentyl group, 1 -methylbutyl group, 2-rneth- 
ylbutyl group, tert-pentyl group, hexyl group, cyclopropyl group, cyclobutyl group, cyclopentyl group, cyclohexyl group, 
cycloheptyl group, and cyclooctyl group. 

45 [0063] Examples of the aryl group and an aryl moiety of the aralkyl group include phenyl group, naphthyl group : and 
anthryl group. 

[0064] As the aralkyl group, there can be used aralkyl groups having 7 to 15 carbon atoms, such as benzyl group, 
phenethyl group, phenylpropyl group, naphthylmethyl group, and benzhydryl group. 

[0065] Examples of the halogen atom include fluorine atom, chlorine atom, bromine atom, and iodine atom. 
so [0066] As the heterocyclic ring in the heterocyclic group and the heterocyclic ring formed together by R 13 and R 14 
or R 17 and R 18 with two or one carbon atom bonded thereto, there are an aromatic heterocyclic ring and an alicyclic 
heterocyclic ring. 

[0067] As the aromatic heterocyclic ring for use in the present invention, there are a 5- or 6-membered monocyclic 
aromatic heterocyclic ring including at least one atom selected from the group consisting of a nitrogen atom, an oxygen 
55 atom, and a sulfur atom; and a bicyclic or tricyclic condensed aromatic heterocyclic ring having at least one atom 
selected from the group consisting of a nitrogen atom, an oxygen atom, and a sulfur atom, prepared by condensation 
of a 3- to 8-membered ring. 

[0068] Specific examples of the aromatic heterocyclic ring include pyridine ring, pyrazine ring, pyrimidine ring, pyri- 
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ring, oxazole ring, indole ring, isoindole ring indazoteTnn EnSmw " Z 9 " thl0phene nn 9' furan ™g. thiazole 

benzoxazole ring, purine ring, and caltSe Tg ben2,m,da20le ™* benzotriazole ring, benzothiazole ring, 

5 So ^tKr^S^ *- « « 5- or e-membered monocycfc 
atom; and a bfcyclic or tricyclic cTndense^ aSclfe hTt^Sr / n ' tr ° 9en at ° m ' 80 ° Xy9en atom - and a 

rahydrocarbazole ring tetrahydrofuran nng. tetrahydropyran ring, dihydrobenzofuran ring, and let- 

Mng aKcycllc heterocyclic ring arc foLeT "" r0 S en '~ n '™S «™*> aaterocycfc ring arid a riiticg.n.con. 

ring, riaprrihyri*.'riri™ <!lnnno , ^^"S^^/^,'"'*^* ^. q*«air- 

rlrig, oxazoln ring, Indole rldg, IsolridoJ ririo Iriteol'.^ hi. 9 ' - f 9 ' " ,8Z °' e " n9 ' ,e,ra *" e *»• ' w a2ole 
benzoxeaole ririg. p u ri„e ring, ,„d ^ 3e C 9 ' t "' n2 ' m " to " e ^otrtoole ririg, ben 2 orhta,le ring. 

S^rig^^CZ^rrS a? r e 7 r 5 " " 6 - memtorM "»»<**> "* 

be employed. 9 " 9 3 10 8 carbon atorns ' wn,ch may be saturated or unsaturated, can 

Eane E ;.^ ***** 3 to 8 carbon atoms inc.ude cydopropane ring, cy- 

c.opentadiene 9 ring, cycloh^ rin9 ' CyC '°° Ctane rin9 ' «**P«^*0. 1 

[0079] The previously mentioned arvl amuo T a " d anthracene "ng can be employed, 

heterocyclic ring, or heL^SgXZe rSb^'glS^f^ ^ "^"-"taining 

is from one to the permissible number preSlv ? Ts ™?.h2 k .T' * substituents *« each group 

of the substituents are hydroxy, group; caS ^ be ** Same ° r different ' Examp,ea 

oyano group; a ha.ogen atom! ^ntt/S^S ^ ™ 9r0UP '' " an * y " 9r ° Up; 

a -srsi a r alkyl 9roup ' a,koxyi 

=3 ^ "7, ZEZZ^!:-^**-* 9 ™ P " - " - to the"' permissible number. Dref- 
same or different. Examples of the su3uentL SfJZ, ^ SUbstituents ' the ^bstituents may be the 

nitro group, an alkoxyl group, a TaZ ToTan a t£« T ^ 9r ° UP ar ° hydr0x y' 9roup ' cart >°** 9roup, 

group and halogen afom are'the ZZ^T^ ^ ** ^ ^ 9r ° UP ' 9r ° Up ^ a ^' 

^ mJSZ^^^ Whe " a " a - in ° 9r ° UP h3S ^ — ts, the subs.lt- 

[00821 The method of nre n ari : t Z ^17. T d " a,Ky 9roup and an ai V' group can be used as the substituents 

[0083, The squaryHumcompZi of foZl 7) l^Zl'LT^ ™? ^ "° W be 6XP,ained h detail ' 
(1 -a) to (1 -c): (U) Ca " be P fe P ared m accordance with the following reaction schemes 
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[0084] In the reaction scheme (1-a), a compound (A) is allowed to react with a compound (B) in a solvent, in the 
presence of a base when necessary, at room temperature for 1 to 4 hours, thereby obtaining a compound (C). The 
amounts of the compound (B) and the base are 0.4 to 2 times the amount of the compound (A) in terms of molar amounts. 
[0085] Examples of the above-mentioned solvent are chloroform, dichloromethane, 1,2-dichloroethane, ethyl ace- 
tate, diethyl ether, methyl-tert-butyl ether, tetrahydrofuran s toluene, benzene, dimethylformamide, and dimethyl sulfox- 
ide. 

[0086] Examples of the base Include organic bases such as quinollne, triethylamine, and pyridine; and inorganic 
bases such as potassium hydro gencarbon ate and sodium hydrogencarbonate. 

[0087] In the reaction scheme (1-b), the compound (C) is placed in an aqueous solution of acetic acid in a concen- 
tration of 50 to 90% by volume at 90 to 110°C to cause a reaction for 1 to 7 hours. Alternatively, the compound (C) is 
placed in an aqueous solution of trifluoroacetic acid in a concentration of 50 to 99 wt.% or concentrated sulfuric acid 
at 40 to 60 P C to cause a reaction for 1 to 3 hours. Thus, a compound (D) can be obtained. 

[0088] In the reaction scheme (1-c), the compound (D) is allowed to react with a compound (E) in an amount of 0.5 
to 2 times the molar amount of the compound (D), in the presence of a base in an amount of 1 .0 to 2.0 times the molar 
amount of the compound (D) when necessary. The reaction is carried out at 80 to 120°C for 1 to 15 hours. Thus, a 
compound of formula (II) can be obtained. 

[0089] The above-mentioned reaction represented by the reaction scheme (1 -c) is carried out in an alcohol solvent 
having 2 to 8 carbon atoms such as ethanol, propanol, isopropanoL butanol, or octanol, or a mixed solvent of the 
above-mentioned alcohol solvent and benzene or toluene (in a mixing ratio by volume of 50:50). 
[0090] Examples of the base used in the reaction scheme (1-c) include organic bases such as quinoline, triethyl- 
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amine, and pyridine; and inorganic bases such as potassium carbonate, potassium hydrogencarbonate, and sodium 
hydrogencarbonate. 

[0091] Alternatively, the squarylium compound (II) for use in the present invention can also be prepared in accordance 
with the following reaction schemes (2-a) through (2-c): 
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[0092] In the above-mentioned reaction represented by the reaction scheme (2-a), a compound (F) can be obtained 
in the same manner as in the reaction scheme (1-a) except that the compound (B) is replaced by the compound (E). 
[0093] In the above-mentioned reaction represented by the reaction scheme (2-b), a compound (G) can be obtained 
in the same manner as in the reaction scheme (1 -b) except that the compound (C) is replaced by the compound (F). 
[0094] In the reaction scheme (2-c), the procedure for preparation of the squarylium compound (II) as in the reaction 
scheme (1-c) is repeated except that the compound (D) is replaced by the compound (G) and the compound (E) is 
replaced by the compound (B). 

[0095] After completion of the final step as in the reaction scheme (1 -c) or (2-c), a solvent is distilled away from the 
reaction product or the reaction product is subjected to filtration. Further, the compound (II) can be isolated from the 
reaction product by any purification methods commonly employed in the field of organic synthetic chemistry, for exam- 
ple, column chromatography, recrystallization, and washing by use of a solvent. 

[0096] In the reaction schemes (1-a) to (1-c) and (2-a) to (2-c), R 1 , R 2 , and R 3 are the same as those previously 
defined; and Y is a halogen atom such as chlorine or bromine, or OR 21 in which R 21 represents the same alkyl group 
as defined in the description of formulas (II) to (V). 

[0097] The squarylium compound (V) that is preferably used in the recording layer can be prepared in accordance 
with the following reaction schemes (3-a) to (3-c): 
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[0098] In the reaction scheme (3-a), a compound (A) is allowed to react with a compound (Ha) or (Hb) in a solvent 

7T °i a baSe Wh6n n6CeSSa,y ' at tem P erature * between o-C and room temperature for 30 minxes to 70 
hours, thereby obtaining a compound (J). The compound (Ha) or (Hb) and the base are used fro* "an Snoum 
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(4-c) 

Compound (P) + Compound (Ha) or (Hb) -» Compound (V) 
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[0106] In the above-mentioned reaction represented by the reaction scheme (4-a), a compound (M) can be obtained 
in the same manner as in the reaction scheme (3-a) except that the compound (Ha) or (Hb) is replaced by a compound 
(L). 

[0107] In the above-mentioned reaction represented by the reaction scheme (4-b), a compound (P) can be obtained 
io in the same manner as in the reaction scheme (3-b) except that the compound (J) is replaced by the compound (M). 
[01 08] In the react on scheme (4-c), the procedure for preparation of the squarylium compound (V) as in the reaction 
scheme (3-c) is repeated except that the compound (K) is replaced by the compound (P) and the compound (L) is 
replaced by the compound (Ha) or (Hb). 

[0109] After completion of the final step as in the reaction scheme (3-c) or (4-c), a solvent is distilled away from the 
is reaction product or the reaction product is subjected to filtration. Further, the compound (V) can be isolated from the 
reaction product by any purification methods commonly employed in the field of organic synthetic chemistry, for exam- 
ple, column chromatography, recrystallization, and washing by use of a solvent. 

[0110] In the reaction schemes (3-a) to (3-c) and (4-a) to (4-c), R 15 , R 16 , R 17 , R 18 , R 19 , R 20 , Q 2 and n are the same 
as those previously defined: X is a halogen atom such as chlorine, bromine, or iodine, tosyl group, or mesyl group; 

20 and Y is the same as that previously defined. 

[01 1 1 ] From the viewpoint of the optical characteristics, the recording layer for use in the optical recording medium 
of the present invention may exhibit a great absorption band shorter than a wavelength region of 630-670 nm, but the 
longer wavelength side of the absorption band is adjacent to the wavelength of light used for recording and reading. 
In other words, it is preferable that the recording layer have a large refractive index and a large extinction coefficient 

25 with respect to light with wavelengths of 630 to 670 nm currently used for recording and reading. 

[01 1 2] More specifically, it is preferable that the recording layer as a single layer have a refractive index (n) of 1 .5 to 
3.0, and the extinction coefficient (k) of 0.02 to 0.3, with respect to the wavelength region ±5 nm of the predetermined 
light for recording and reading. When the refractive index (n) is 1 .5 or more, it is possible to obtain a sufficient optical 
change, so that the degree of recording modulation can be enhanced. When the refractive index (n) is 3.0 or less, the 

30 dependence on the wavelength can be decreased, and occurrence of errors can be minimized within the wavelength 
range of the recording and reading light. Further, when the extinction coefficient (k) of the recording layer is 0.02 or 
more, recording sensitivity can be improved, and at the same time, when the coefficient (k) is 0.3 or less, the reflectance 
of 50% or more can be easily obtained. 

[0113] The substrate of the optical recording medium according to the present invention may have a guide groove 
35 with a depth of 1 000 to 2500 A. When the recording medium is required to have a large capacity, the track pitch of the 
guide groove is preferably 0.7 to 0.8 p.m, although the track pitch is usually set at 0.7 to 1 .0 u,m. With respect to the 
guide width, it is preferable that the half width of the guide groove be in the range of 0.1 8 to 0.40 urn. When the half 
width is 0.1 8 um or more, the intensity of tracking error signals can become sufficiently large. When the half width is 
0.40 jam or less, a recorded portion can be prevented from spreading in the width direction of the guide groove. 
40 [0114] When the optical recording medium of the present invention is used as a DVD-R, it is preferable that writing 
and reading of information be carried out by the application of semiconductor laser beams with wavelengths of 600 to 
720 nm. In other words, the recording and reading method of the present invention comprises the steps of recording 
information in the optical recording medium of the present invention by applying thereto a semiconductor laser beam 
with a wavelength in the range of 600 to 720 nm, and reading the information from the recording medium by applying 
45 thereto a semiconductor laser beam with a wavelength in the range of 600 to 720 nm. 

[01 1 5] The structure of the optical recording medium according to the present invention will now be explained in detail. 
[01 1 6] FIG. 1 A to FIG. 1 D are schematic cross sectional views, each showing an embodiment of the optical recording 
medium suitable for a WORM type optical disk. 

[0117] As shown in FIG. 1 A, a recording layer 2 is overlaid on a substrate 1 . The recording layer 2 may be provided 
so on the substrate 1 via an undercoat layer 3 as shown in FIG. 1 B; and a protective layer 4 may be further overlaid on 
the recording layer 2 as shown in FIG. 1 C. In FIG. 1 D, a hard coat layer 5 is further provided on the back side of the 
substrate 1 , opposite to the undercoat layer side with respect to the substrate 1 . 

[0118] FIG. 2Ato FIG. 2C are schematic cross sectional views, each showing an embodiment of the optical recording 
medium suitable for a CD-R. In such embodiments of FIG. 2A to FIG. 2C, a light reflection layer 6 is provided on the 
55 recording layer 2. 

[0119] More specifically, a recording medium of the present invention shown in FIG. 2A comprises a substrate 1 , 
and a recording layer 2, a reflection layer 6, and a protective layer 4 which are successively overlaid on the substrate 
1 in this order. 
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[0120] A recording medium of the present invention shown in FIG. 2B is the same as that in FIG. 2A except that an 
undercoat layer 3 is interposed between the substrate 1 and the recording layer 2. 

[0121] A recording medium of the present invention shown in FIG. 2C is the same as that in FIG. 2B except that a 
hard coat layer 5 is provided on the back side of the substrate 1 , opposite to the side of the undercoat layer 3 with 
respect to the substrate 1 . 

[0122] FIG. 3A to FIG. 3C are schematic cross sectional views showing the structure of the optical recording medium 
according to the present invention, which can be used as a recording medium for a DVD-R. 
[0123] A recording medium shown in FIG. 3A is the same as that shown in FIG. 2A in terms of the structure 
[0124] A recording medium shown in FIG. 3B is the same as that in FIG. 2A except that a protective substrate 7 is 
attached to the protective layer 4 with an adhesive layer 8. 

[0125] A recording medium shown in FIG. 3C is the same as that in FIG. 2C except that a protective substrate 7 is 
attached to the protective layer 4 with an adhesive layer 8. 

[0126] An optical recording medium of the present invention can also be constructed by superimposing any two of 
the above-mentioned recording media as illustrated in FIG. 1 and FIG. 2 in such a manner that the recording layers of 
the two recording media are positioned inside so as to face each other with another substrate and an air gap therebe- 
tween in a sealed air-sandwich structure, or by laminating the two recording media in the above-mentioned posture 
but through the protective layer. 

[0127] The basic structure of the recording medium suitable for a DVD-R is that a first substrate and a second sub- 
strate are attached with an adhesive in such a configuration that a recording layer is interposed between the first and 
second substrates. In this case, a metal reflection layer may be overlaid on the recording layer. Further, an undercoat 
layer may be interposed between the substrate and the recording layer, and a protective layer may be overlaid on the 
recording layer. A layered structure of a first substrate, a recording layer, a metal reflection layer, a protective layer, an 
adhesive layer, and a second substrate is very commonly employed. 

[0128] Required properties or characteristics and materials for the substrate and each of the above-mentioned layers 
of the optical recording medium of the present invention will now be explained. 

<Substrate> 

[0129] When writing and reading is carried out on the substrate side, namely, a laser beam for writing or reading is 
applied to the substrate side, the substrate is required to be transparent to the employed laser beam. However, such 
transparency is unnecessary when writing and reading are carried out on the recording layer side. 
[0130] Examples of the material for the substrate are plastic materials such as polyester, acrylic resin, polyamide 
polycarbonate resin, polyolefin resin, phenolic resin, epoxy resin, and polyimide; glass; ceramics; and metals. 
[0131] Guide grooves or guide pits for tracking may be formed on the surface of the substrate when the substrate 
is single in the recording medium, or the first substrate when two substrates are used in the sealed air-sandwich 
structure. Furthermore, pre-formats for address signals may also be formed on the surface of the substrate. 

<Recording Layer> 

40 [0132] Information is recorded in the recording layer by causing some optical changes in the recording layer when 
the recording layer is irradiated with a laser beam. According to the present invention, the recording layer comprises 
a dye mixture of the previously mentioned squarylium compound and azo metal chelate compound. 
[0133] For the preparation of the recording layer, one kind of squarylium dye and one kind of azo metal chelate dye 
may be contained, or a plurality of squarylium compounds and a plurality of azo metal chelate compounds may be 
used in combination. In addition to the above-mentioned squarylium compound and azo metal chelate compound any 
other organic dyes may be used in combination in the recording layer, or used in the form of a separate layer' of a 
laminated structure in order to improve the optical characteristics, recording sensitivity, and signal properties. 
[0134] Examples of such organic dyes are polymethine dye, naphthalocyanine dye, phthalocyanine dye, croconium 
dye, pyrylium dye, naphthoquinone dye, anthraquinone (indanthrene) dye, xanthene dye, triphenylmethane +, 9 a zu- 
lene dye, tetrahydrocholine dye, phenanthrene dye, and triphenothiazine dye. Further, metal chelate compchds are 
usable. These compounds may be used alone or in combination. 
[0135] Various metals and metal compounds may be mixed and dispersed in the above-mentioned dyes. The metals 
and metal compounds may form separate layers. Examples of the above-mentioned metals and metal compounds are 
In, Te, Bi, Se, Sb, Ge, Sn, Al, Be, Te0 2 , SnO, As, and Cd. 
55 [0136] In the above-mentioned dyes, various materials, for example, polymers such as ionomer resin, polyamide 
resin, vinyl resin, natural polymers, silicone, and liquid rubber, and a silane coupling agent may be dispersed. 
[0137] Furthermore, in order to improve the characteristics of the recording layer, the above-mentioned dyes may 
also be employed in combination with other agents such as a stabilizer (for example, a transition metal complex) a 
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dispersant, a fire retardant, a lubricant, an antistatic agent, a surfactant, and a plasticizer. 

[0138] The recording layer can be formed by any of conventional methods such as deposition, sputtering, CVD, and 
solution coating. 

[0139] For the solution coating, the above-mentioned dye compounds and other materials may be dissolved in an 
5 organic solvent to prepare a coating liquid, and the thus prepared coating liquid for recording layer may be coated on 
the substrate by any conventional coating methods such as spray coating, roller coating, dip coating, and spinner 
coating. 

[0140] Specific examples of the organic solvent used in the preparation of the recording layer coating liquid are 
alcohols such as methanol, ethanol, and isopropanol; ketones such as acetone, methyl ethyl ketone, and cyclohex- 

10 anone; amides such as N,N-dimethylformamide and N,N-dimethylacetamide; sulfoxides such as dimethyl sulfoxide; 
ethers such as tetrahydrofuran, dioxane, diethyl ether, and ethylene glycol monomethyl ether; esters such as methyl 
acetate and ethyl acetate; aliphatic halogenated hydrocarbons such as chloroform, methylene chloride, dichloroethane, 
carbon tetrachloride, and trichloroethane; aromatic solvents such as benzene, xylene, monochlorobenzene, and dichlo- 
robenzene; Cellosolves such as methoxy ethanol and ethoxy ethanol; and hydrocarbons such as hexane, pentane, 

15 cyclohexane, and methylcyclohexane. 

[0141] It is preferable that the recording layer for use in the optical recording medium of the present invention have 
a thickness in the range of 1 00 A to 1 0 |xm, more preferably in the range of 200 A to 2000 A. 

< Undercoat Layer> 

20 

[0142] The undercoat layer may be interposed between the substrate and the recording layer for the following pur- 
poses: (a) improving the adhesion between the substrate and the recording layer; (b) serving as a barrier layer to 
prevent the recording layer from being exposed to water and gases; (c) improving the preservation stability of the 
recording layer; (d) increasing the reflectance of the recording layer; (e) protecting the substrate and the recording 

25 layer from solvents; and (f) forming guide grooves, guide pits, pre-formats, and the like. 

[0143] To attain the above-mentioned purpose (a), a variety of polymeric materials such as ionomer resin, polyamide 
resin, vinyl resin, natural resins, natural polymeric materials, silicone, and liquid rubber; and a silane coupling agent 
may be employed for the formation of the undercoat layer. To attain the purposes (b) and (c), not only the above- 
mentioned polymeric materials, but also inorganic compounds such as Si0 2 , MgF 2 , SiO, Ti0 2 , ZnO, TiN, and SiN; and 

30 metals and semimetals such as Zn, Cu, Ni, Cr, Ge, Se, Au, Ag, and Al can be used. To attain the purpose (d), metals 
such as Al and Ag may be used for the formation of the undercoat layer. Alternatively, an organic thin film with a metallic 
luster may be formed using, for example, methine dye and xanthene dye. To attain the purposes (e) and (f), an ultra- 
violet-curing resin, a thermosetting resin, and a thermoplastic res in can be used for the formation of the undercoat layer. 
[0144] It is preferable that the thickness of the undercoat layer be in the range of 0.01 to 30 u,m, more preferably in 

35 the range of 0.05 to 1 0 um 

<Reflection Layeo 

[0145] The reflection layer for use in the present invention may be made of a metal or semimetal that can exhibit 
40 high reflectance by itself and is insusceptible to corrosion. Specific examples of the metal for use in the reflection layer 
are Au, Ag, Cr, Ni, Al, Fe, Sn, and Cu. Of these metals, Au, Ag, Al, and Cu are particularly preferable in view of the 
reflectance and the productivity. These metals and semimetals may be used alone, or in combination to prepare an alloy. 
[0146] The reflection layer can be formed by the conventional film formation methods such as deposition and sput- 
tering. It is preferable that the thickness of the reflection layer be in the range of 50 to 5000 A, more preferably in the 
45 range of 1 00 to 3000 A. 

<Protective Layer and Hard Coat Layer> 

[0147] The protective layer and the hard coat layer are provided to (a) protect the recording layer (or the reflection 
50 layer) from scratch, dust, and soiling, (b) improve the storage stability of the recording layer (or the reflection layer), 

and (c) improve the reflectance. For these purposes, the same materials as used for the undercoat layer are suitable. 

For instance, inorganic materials such as SiO and Si0 2 ; and organic materials such as heat-softening and heat-fusible 

resins, e.g. poly(methyl acrylate), polycarbonate, epoxy resin, polystyrene, polyester resin, vinyl resin, cellulose, 

aliphatic hydrocarbon resin, aromatic hydrocarbon resin, natural rubber, styrene - butadiene resin, chloroprene rubber, 
55 wax, alkyd resin, drying oil. and rosin, and ultraviolet-curing resins can be used. Of the above-mentioned materials for 

use in the protective layer and the hard coat layer, the ultraviolet-curing resin is particularly preferable in terms of 

productivity. 

[0148] It is proper that the protective layer or the hard coat layer have a thickness of 0.01 to 30 u,m, more preferably 
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0.05 to 10 [im. 

[0149] The undercoat layer, the protective layer, and the hard coat layer may further comprise auxiliary agents such 
as a stabilizer, a d.spersant, a fire retardant, a lubricant, an antistatic agent, a surfactant, and a plasticizer in the same 
manner as in the recording layer. 

Protective Substrato 

[0150] When the protective substrate Is exposed to light for writing and reading, the protective substrate is required 
to be transparent to the employed laser beam. However, such transparency is unnecessary when the protective sub- 
strate serves only as a protection plate. The material for the protective substrate is the same as that for the above- 
mentioned substrate For example, plastics such as polyester, acrylic resin, polyamide, polycarbonate resin, polyolefin 
resin, phenolic resin, epoxy resin, and polyimide; glass; ceramics; and metals can be used for the protective substrate. 

<Adhesive Layer> 

[0151] Any adhesive can be used so long as the two recording media can be attached to each other. In light of 
productivity, an ultraviolet-curing adhesive or hotmelt adhesive Is preferable. 

[0152] Other features of this invention will become apparent in the course of the following description of exemplary- 
embodiments, which are given for illustration of the invention and are not intended to be limiting thereof. 

Example 1-1 

[Fabrication of Optical Recording Medium No. 1-1] 
25 (Formation of recording layer) 

[0153] A guide groove with a depth of 1 700 A, a half width of 0.23 R m, and a track pitch of 0.74 urn was formed on 
one surface of a polycarbonate substrate with a thickness of 0.6 mm by injection molding. A mixture of an azo metal 
chelate compound A-3 (shown in TABLE 2) and a squarylium compound B-4 (shown in TABLE 3) in a mixing ratio by 
weight of 60:40, as shown in TABLE 1 , was dissolved in 2,2,3,3-tetrafluoropropanol. The solution thus obtained was 

a fn^ a° me SUrfaCe ° f the P°'y carbonate substrate by spinner coating, whereby a recording layer with a thickness 
of 900 A was provided on the substrate. 

(Formation of reflection layer) 

[01 54] A silver reflection layer with a thickness of 1 300 A was formed on the recording layer by sputtering. 
(Formation of protective layer) 

KS A protective ,ayer with a tnic kness of 6 u.m was provided on the reflection layer using an acrylic photopolymer. 
[0156] Furthermore, another injection molded polycarbonate substrate with a thickness of 0.6 mm was attached to 
the above-mentioned protective layer with an adhesive, whereby an optical recording medium No. 1-1 according to the 
present invention was obtained. 

4 $ Examples 1-2 to 1-10 

[0157] The procedure for fabrication of the optical recording medium No. 1-1 in Example 1-1 was repeated except 
that the m.xture of the azo metal chelate compound A-3 and the squarylium compound B-4 employed in the recording 
layer in Example 1-1 was replaced by the respective mixtures as shown in TABLE 1 . 

[0158] The structure of the azo metal chelate compounds and that of the squarylium compounds are respectively 
illustrated in TABLE 2 and TABLE 3. 1 
[0159] Thus, optical recording media No. I-2 to No. 1-1 0 according to the present invention were fabricated. 

Comparative Example 1 



30 



35 



40 



50 



55 



[0160] The procedure for fabrication of the optical recording medium No. 1-1 in Example 1-1 was repeated except 
hat the mixture of the azo metal chelate compound A-3 and the squarylium compound B-4 employed in the recording 
layer in Example i-1 was replaced by a squarylium compound of formula (B-1 ) alone. 
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[0161] Thus, a comparative optical recording medium No. 1 was fabricated. 

[0162] To evaluate the recording and reading characteristics of each of the above prepared optical recording media 
Nos. 1-1 to 1-1 0 according to the present invention and comparative optical recording medium No. 1 , EFM signals were 
recorded in each recording medium by applying a semiconductor laser beam with a wavelength of 658 nm to each 
recording medium, while tracking was conducted, under the conditions that the diameter of the laser beam was 1 .0 
jjuti and the recording linear velocity was set at 3.5 m/sec. 

[0163] Then, the recorded signals were read by using a continuous wave laser beam with a wavelength of 658 nm 
with the application of a power of 0.7 mW. The reflectance and the degree of modulation initially obtained from each 
recording medium were measured. 

[0164] The degree of modulation means a contrast between a recorded portion and a non-recorded portion, deter- 
m ncd from the reproduced waveform. 

[0165] A igM resistance test was conducted in such a mannerthat each recording medium was caused to deteriorate 
by being contnuousfy exposed to a xenon lamp of 40,000 lux for 10 hours. After the light exposure, the reflectance 
ard the degree o' modulation of each recording medium were measured in the same manner as mentioned above. 
[0166] A prcscrva:ior test was conducted in such a mannerthat each recording medium was allowed to stand at 
50*C ard b0"..KH tor too hours. After the preservation test, the reflectance and the degree of modulation of each 
recording mecium were measured in the same manner as mentioned above. 
[0167] The results are shown in TABLE 1 . 
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TABLE 2 (continued) 
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TABLE 2 (continued) 
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TABLE 3 
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Example 11-1 

[Fabrication of Optical Recording Medium No. 11-1] 
(Formation of recording layer) 



[0168] A guide groove with a depth of 1 700 A, a half width of 0.23 jim, and a track pitch of 0.74 urn was formed on 
one surface of a polycarbonate substrate with a thickness of 0.6 mm by injection molding. A mixture of an azo metal 
chelate compound A'-3 (shown in TABLE 5) and a squarylium compound B-18 (shown in TABLE 3) in a mixing ratio 
by weight of 50:50, as shown in TABLE 4, was dissolved in 2,2,3,3-tetrafluoropropanol. The solution thus obtained was 
applied to the surface of the polycarbonate substrate by spinner coating, whereby a recording layer with a thickness 
50 of 900 A was provided on the substrate. 

(Formation of reflection layer) 

[01 69] A silver reflection layer with a thickness of 1 300 A was formed on the recording layer by sputtering. 
(Formation of protective layer) 

[0170] A protective layer with a thickness of 6 was provided on the reflection layer using an acrylic photopolymer. 
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[0171] Furthermore, another injection molded polycarbonate substrate with a thickness of 0.6 mm was attached to 
the protective layer with an adhesive, whereby an optical recording medium No. 11-1 according to the present invention 
was obtained. 

5 Examples ll-2 to 11-10 

[0172] The procedure for fabrication of the optical recording medium No. 11-1 in Example 11-1 was repeated except 
that the mixture of the azo metal chelate compound A'-3 and the squarylium compound B-1 8 employed in the recording 
layer in Example 11-1 was replaced by the respective mixtures as shown in TABLE 4. 
10 [0173] The structure of the azo metal chelate compounds and that of the squarylium compounds are respectively 
shown in TABLE 5 and TABLE 3. 

[0174] Thus, optical recording media No. II-2 to No. 11-1 0 according to the present invention were fabricated. 
[0175] To evaluate the recording and reading characteristics of the above prepared optical recording media Nos. II- 
1 to 11-10 according to the present invention, EFM signals were recorded in each recording medium by applying a 
is semiconductor laser beam with a wavelength of 658 nm to each recording medium, while tracking was conducted, 
under the conditions that the diameter of the laser beam was 1 .0 \im and the recording linear velocity was set at 3.5 
m/sec. 

[0176] Then, the recorded signals were read by using a continuous wave laser beam with a wavelength of 658 nm 
with the application of a power of 0.7 mW. The reflectance and the degree of modulation initially obtained from each 

20 recording medium were measured. 

[01 77] A light resistance test was conducted in such a man ner that each recording medium was caused to deteriorate 
by being continuously exposed to a xenon lamp of 40,000 lux for 10 hours. After the light exposure, the reflectance 
and the degree of modulation of each recording medium were measured in the same manner as mentioned above. 
[0178] A preservation test was conducted in such a manner that each recording medium was allowed to stand at 

25 5o°C and 80%RH for 600 hours. After the preservation test, the reflectance and the degree of modulation of each 
recording medium were measured in the same manner as mentioned above. 
[0179] The results are shown in TABLE 4. 
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TABLE 5 

5 



Ccmpounc A2Q Metal chelate Compound 
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TABLE 5 (continued) 
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TABLE 5 (continued) 
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Metal 


A' -11 


H3 °v-B N 

N^ N \-J y_ N( c 2 H 5 )2 

HN 

x c— CC^ 3 

// 

0 


Ni 


A' -12 


^ — N 

N^" V-N = N— ^~^V- N ( C 4H9)2 

>=*r -yr 

^ — N NHS0 2 CF 3 


Cu 


A' -13 


nc -\ y\ r~C 

COCF3 


Ni 


A' -14 


HbCO^t. s 

L X ^ /-\ 

"^/^N N— T V-N(CH 3 )2 
HO3S 


Mn 



10 



15 



20 



25 



30 



35 



40 



45 



50 



55 



[0180] According to the present invention, recording and reading can be achieved by use of a laser beam with a 
wavelength of 670 nm or less as mentioned above. Further the light resistance and the preservation stability of the 
obtained optical recording medium are excellent. In particular, the optical recording medium of the present invention 
is superior to that employing a squarylium compound alone as the recording material in terms of light resistance. 
[0181] In addition, the reflectance of the optical recording medium of the present invention is high and stable, and 
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the degree of modulation is high in the course of recording and reading operations. 



Claims 



10 



15 



1. An optical recording medium comprising a substrate and a recording layer formed thereon, said recording layer 
comprising at least one squarylium compound and one azo metal chelate compound comprising an azo moiety of 
formula (1-1 ) and a metal: 



(1-1) 

,C-N=:N-C 
X 



wheiem A and B nre each independently a residue for forming an aromatic ring which may have a substituent or 
a heterocyclic ring which may have a substituent in combination with one or two carbon atoms bounded thereto; 
and X represents a substituent having an active hydrogen group. 

:. An optical recording medium comprising a substrate and a recording layer formed thereon, said recording layer 
compnsing at least one squarylium compound and one azo metal chelate compound comprising an azo moiety of 
formula (1-2) and a metal: 



30 



35 



,C-N=N-C 
-N V 
X 



(1-2) 



wherein A 1 is a residue for forming a heterocyclic ring in combination with a carbon atom and a nitrogen atom 
bonded thereto; B is a residue for forming an aromatic ring or a heterocyclic ring in combination with two carbon 
atoms bonded thereto: and X represents a substituent having an active hydrogen group. 

40 

3. The optical recording medium of claim 1 or 2, wherein said squarylium compound and said azo metal chelate 
compound are contained in a mixing ratio by weight of (90:1 0) to (10:90). 

4. The optical recording medium of any one of claims 1-3, wherein said metal of said azo metal chelate compound 
45 is selected from manganese, cobalt, nickel, and copper. 

5. The optical recording medium of any one of claims 1 -4, wherein said squarylium compound is selected from: 

a compound represented by formula (II): 

so 
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(ID 



o 



wherein R 1 and R 2 , which may be the same or different, are each a hydrogen atom, a substituted or unsub- 
stituted alkyl group, a substituted or unsubstituted aralkyl group, or a substituted or unsubstituted aryl group, 
or R 1 and R 2 may form a heterocyclic ring which may have a substituent in combination with a nitrogen atom 
bonded thereto; and R 3 is represented by formula (III) or (IV): 



20 




(III) 



wherein R 4 and R* which may be the same or different, are each a hydrogen atom or an alkyl group, or R 4 
and R 5 may form a heterocyclic ring which may have a substituent in combination with a nitrogen atom bonded 
thereto; and R 6 , R 7 , R 8 , and R 9 , which may be the same or different, are each a hydrogen atom, a substituted 
or unsubstituted alkyl group, a substituted or unsubstituted alkoxyl group, hydroxyl group, or a halogen atom, 
and R 4 and R 6 , and R 5 and R 7 may independently form a heterocyclic ring, which may have a substituent, in 
combination with a nitrogen atom and two carbon atoms bonded thereto; 
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wherein Q 1 is a carbon atom or a nitrogen atom; R 10 and R 11 , which may be the same or different, are each 
a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl group, a sub- 
stituted or unsubstituted aralkyl group, or hydroxyl group, provided that R 11 does not exist when Q 1 is a nitrogen 
atom; R 12 is a hydrogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted aryl 
so group, or a substituted or unsubstituted aralkyl group; R 13 and R 14 , which may be the same or different, are 

each a hydrogen atom, a substituted or unsubstituted alkyl group, an alkoxyl group, or a halogen atom, or R 13 
and R 14 may form an alicyclic hydrocarbon ring, an aromatic ring which may have a substituent, or a hetero- 
cyclic ring which may have a substituent, in combination with two carbon atoms bonded thereto; 
a compound represented by formula (V): 
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wherein Q2 is a carbon atom or a nitrogen atom; R« is a hydrogen atom, a substituted or unsubstituted alkyl 
group, a substituted or unsubstituted aryl group, or a substituted or unsubstituted heterocyclic group; R™ is 
a hydrogen atom, a halogen atom, a substituted or unsubstituted alkyl group, a substituted or unsubstituted 
alkoxyl group, a substituted or unsubstituted aralkyl group, a substituted or unsubstituted aryl group, a sub- 
stituted or unsubstituted amino group, or a substituted or unsubstituted heterocyclic group; R™ and R™ which 
may be the same or different, are each a substituted or unsubstituted alkyl group, or when Q* is a carbon 
atom, R17 and R 18 may form an alicyclic hydrocarbon ring or a heterocyclic ring in combination with said carbon 
atom bonded thereto, whereas when Q2 j s a nitrogen atom, R 18 does not exist; R™ is a hydrogen atom, a 
substituted or unsubstituted alkyl group, a substituted or unsubstituted aralkyl group, or a substituted or un- 
substituted aryl group; R2° is a halogen atom, a substituted or unsubstituted alkyl group, a substituted or 
unsubstituted aralkyl group, a substituted or unsubstituted aryl group, trifluoromethyl group, nitro group, cyano 
group, or a substituted or unsubstituted alkoxyl group; and n is an integer of 0 to 4, provided that when n is 
an integer of 2 to 4, a plurality of groups represented by R20 may be the same or different, and in this case 
adjacent groups of R20 may form an aromatic ring which may have a substituent in combination with two carbon 
atoms bounded thereto. 
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The optical recording medium of any one of claims 1-5, wherein said recording layer has a refractive index of 1 5 
to 3.0, and an extinction coefficient of 0.02 to 0.3, within a wavelength region of ±5 nm of a predetermined liqht 
for recording and reading. 



7. 



The optical recording medium of any one of claims 1-6, further comprising a reflection layer which is provided on 
said recording layer and comprises a material selected from metal elements of gold, silver, copper, and aluminum 
35 and alloys of said metal elements. 

8. The optical recording medium of any one of claims 1 -7, wherein said substrate bears thereon a guide groove with 
a track pitch of 0.7 to 0.8 jxm and a half width of 0.1 8 to 0.40 urn. 

The optical recording medium of any one of claims 1-8, wherein said recording medium performs recording and 
reading by the application of light with wavelengths of 600 to 720 nm to said recording medium. 

10. A recording and reading method using an optical recording medium, comprising the steps of recording information 
in the optical recording medium of any one of claims 1-9 by applying light with wavelengths of 600 to 720 nm to 
said optical recording medium, and reading said information from said recording medium by applying liqht with 
wavelengths of 600 to 720 nm to said optical recording medium. 
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